Successful cell division depends on the precise spatio-temporal regulation of several events, including the formation of the mitotic spindle, which is necessary for chromosome segregation. Mitotic spindle formation requires separation of the duplicated centrosomes, centrosome maturation and, after nuclear envelope breakdown (NEBD), assembly of a bipolar spindle with microtubules emanating from chromatin and centrosomes 1 . The coordination of these events is often achieved by post-translational modifications such as phosphorylation, and thus protein kinases and phosphatases have important roles in cell cycle regulation. The serine/threonine kinase Aurora A is highly conserved from yeast to mammals and plays a key role in many aspects of cell division, including centrosome maturation and spindle assembly. The kinase activity of Aurora A depends on an activating phosphorylation of a threonine in its activation loop and the specificity of its functions is regulated by interaction with several cofactors, the best characterized of which is TPX2 (ref. 2) .
In animal cells, microtubules are nucleated from two major subcellular locations during spindle assembly: chromatin and centrosomes. Aurora A plays a central role in microtubule assembly at both sites, a function that was shown to depend on its kinase activity 1 . On page 708 of this issue, Toya et al. reveal that Aurora A also has a kinase-independent role in the assembly of chromatin-induced microtubules in Caenorhabditis elegans 3 . The authors used the single-cell C. elegans embryo as a model system. The oocyte lacks centrosomes, and thus the first division depends on the centrosome provided by the sperm. To form a proper bipolar spindle, this centrosome needs to duplicate and mature within a few minutes following fertilization 4 . AIR-1, the C. elegans Aurora A orthologue, has been previously shown to be important for centrosome maturation. AIR-1 localizes in a doughnut shape at centrosomes and along the base of astral microtubules (Fig. 1a) and recruits the evolutionarily conserved microtubule nucleator γ-tubulin, as well as other proteins important for microtubule dynamics 5 . In addition, AIR-1 is essential for centrosome separation during spindle assembly after NEBD and it also regulates the timing of NEBD and mitotic entry [5] [6] [7] ( Fig. 1a, b) . A previous study by Sugimoto and colleagues showed that AIR-1 is required for the assembly of γ-tubulin-independent microtubules 8 . Whereas depletion of either γ-tubulin or AIR-1 resulted in only a reduction of microtubule number and the assembly of monopolar spindles, depletion of both resulted in a failure to nucleate microtubules. However, how AIR-1 contributes to microtubule assembly in a γ-tubulin-independent manner remained unclear.
In the current study the authors investigated the role of AIR-1 in microtubule assembly in greater detail. Using a combination of genetics and imaging they found that microtubule length and number are nearly constant during the cell cycle in AIR-1-depleted embryos, suggesting that γ-tubulin-dependent microtubules are present throughout the cell cycle. In contrast, microtubules increased in number and length during chromosome condensation in embryos depleted of γ-tubulin, indicating that the contribution of AIR-1 to microtubule assembly is temporally regulated. Chromosomes can induce spindle assembly in meiosis or mitosis in many organisms and this process requires Aurora A 1 , suggesting that the AIR-1-dependent/γ-tubulin-independent mechanism of spindle assembly could be chromatin-induced. Indeed, AIR-1 was also observed around condensed chromosomes in wild-type embryos in vivo (Fig. 1a, b) , a localization not previously reported. Moreover, when the one-cell embryo was genetically depleted of functional centrosomes 1 , the chromatin-stimulated microtubules assembled in the absence of γ-tubulin, but not in the absence of AIR-1.
Surprisingly, in contrast to other systems 1 , the kinase activity of AIR-1 was not required for chromatin-dependent microtubule assembly. Immunofluorescence microscopy experiments using phosphospecific antibodies indicated that kinase-active AIR-1 was restricted to the centre of centrosomes (Fig. 1a, b) , and did not localize at chromatin in wild-type embryos or in embryos where microtubule assembly occurs only at chromatin. Although a kinaseinactive form of AIR-1 could not support centrosome maturation and separation after NEBD and was not sufficient for the viability of embryos depleted of endogenous AIR-1, it was able to promote microtubule assembly and growth from chromatin and was detected along these microtubules (Fig. 1b) . Localization of the kinase-inactive form along microtubules was negatively regulated by endogenous AIR-1, suggesting that the balance between kinaseactive and kinase-inactive AIR-1 is critical to regulate localization and function of AIR-1 in wild-type embryos.
How is the function of AIR-1 in chromatinstimulated microtubule assembly regulated? In vertebrates, this process depends on the Aurora A activator TPX2 (ref. 1). The putative homologue of TPX2 in C. elegans is TPXL-1 (ref. 9). Toya et al. showed that TPXL-1 is not required for AIR-1 localization on chromatin or for chromatin-stimulated microtubule assembly, consistent with previous data 9 and with the fact that the AIR-1 kinase activity is not necessary for this process. However, TPXL-1 was needed for the localization of kinase-inactive AIR-1 along chromatin-stimulated microtubules and for their stabilization (Fig. 1b) . Therefore, although TPXL-1 is not crucial for microtubule assembly at chromatin, it does have an important role in stabilizing microtubules.
These findings reveal a paradox: how can a putative activator of AIR-1 localize the inactive kinase? What prevents this pool of AIR-1 from being activated by TPXL-1? Although genetic and biochemical experiments suggested that, similarly to TPX2, TPXL-1 is an activator of AIR-1 in C. elegans 9 depletion of TPXL-1, suggesting that TPXL-1 might not be a key activator of AIR-1 in vivo. Based on these data, other factors must be involved in activation of centrosomal AIR-1 (Fig. 1a) . Several conserved potential activators of Aurora A have been isolated in other systems and one of them emerges as a particularly good candidate. Recent data identify the conserved SPD2 protein as a centrosomespecific activator of Aurora A in mammalian cells 10 . In C. elegans, SPD-2 localizes at centrosomes and, like AIR-1, is required for centrosome maturation 11 . The present study convincingly shows that inactive AIR-1 has a role in chromatin-mediated microtubule assembly and stabilization in C. elegans (Fig. 1b) and also proposes the interesting possibility that the proper balance between the kinase-active and kinase-inactive states of AIR-1 is essential to allow timely assembly of a functional mitotic spindle. Future work will be needed to determine how these different populations are spatio-temporally regulated and which cofactors are important to maintain their balance and coordinate their function.
Kinase-independent roles have been shown for kinases in other systems 12, 13 , and it will be important to investigate whether a kinaseindependent Aurora A role also exists in other organisms. Interestingly, overexpression of both active and catalytically inactive Aurora A results in cell division defects in mammalian cells 14 . One possible interpretation of these data is that Aurora A also has a kinase-independent role in mammals. In view of the current findings it is worth revisiting the previous literature and directly investigating whether Aurora A could function independently of its kinase activity in vertebrates as well. This might be particularly important in light of the fact that Aurora A inhibitors are leading compounds for cancer therapy 15 . The potential conservation of the kinase-independent role of Aurora A would require a re-evaluation of the mechanisms by which these inhibitors affect the growth of cancer cells. 
